07-10-199B 13:47 


757SS46243 


HYPERSONIC PROPUL 5 1 ON 


P.02 


cvoubiiientai INVESTIGATION OF AN INTEGRATED STRUT-ROCKET / SCRAMJET OPERATING 
EXPERIMENTAL INVESTIGATION^ 4 0 AfjD 6 5 cond|t|0 n S fjpC'fZ' 


K. W. Nelson and C. W Hawk 
The University of Alabama In Huntsville 
Huntsville, AL 

ABSTRACT 


//J O 

3 


A series of tests were conducted to investigate RBCC performance at ramjet and^Bcramjet 

con< mf^m^ th * n Dir,sct connect 

SupSlollfc Combustion Test Facility St Mach 4.0 and 6.5 simulated flight conditions. 

INTRODUCTION 

A rocket-based combined-cyde (RBCC) engine Is unique In «,« It combines rocket^and 
airbreathing components into a single P r °P ul ^ on RBCCs are basically 

» -M, " « **?" T'Z 

”ct. A number of these designs are currently being tested under 
NASA - Marshall Space Flight Center $ ARTT program. 

. « pnrr varv as the vehicle accelerates through the atmosphere 

StSr. d^eSdes that were the focus o, this 

study. 

BACKGRO UND 

For an accelerator class vehicle, which includes launch vehicles, it can be sh< own that : both 

off-axis angles, summing the forces in the direction of trave yie 
D is the drag. 

For an accelerator, the change in velocity per unit change in mass is critical. dVjdm can be 
derived as follows: 


dV dVldt_ a 
dm dmjdt r& 

dV F 7~-D 
dm An Am 

av_ /„?r-D 

dm m T 
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dV_ 

dm 



LjW 

T/W 


(D 


where L Is lift and W is weight. Assuming T/W, UW, L/D and I, B are averaged values over the velocity 
range of interest, integrating (1) yields 


T/W- 


AK = 


yw 

L/D 


T/W 


ln(l “ C) ■ 


( 2 ) 


where £ is the propellant mass fraction. 


_ u a a\/ and r a curve can be generated from equation (2) as shown in Figure 1. 

By choosing V crramiet (tvDlcallv 3 < M < 8), the curve shown corresponds 

Bas ed on the operationa range I J^ c ] j^aschosen such that the curve passes through 

SeW ^ P— 1 ^ * " "* V8rtMl 

portion of this curve where T <* D 



Figure 1. - 

Pram this simDle approximation, vehicle / propulsion systems located above and to the right of the 

T/W. 

OBJECTIV E 

and to generate an early RBCC database. 
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apparatus 

The experimental apparatus consisted ot two «l* d WMlSSlei 

STS. . -mode 0. - 

apparatus. . 



Figure 2. - Schematic of assembled apparatus. 


FACILITY HEAT£B 

The hard ^™'® 8 ^ 

srs: ssssss «s 5S ss 

to mate the heater to the scramjet combustor ^ ? ^ vert lcal by 4.98 in. 

ssrs -rv Sws >- the 8trut that houses the rocket 

ejector. The throat area of the nozzle is approximately 5 7 in (37 cm ). 

STRUT RQCKEI 

. Jmnpn/ nwnfin linear strut rocket was manufactured and previously tested by 
The gaseous y 9 4 :^ m ade 0 f nickel and was constructed using platelet technology. The 
Aerojet Propulsion Company. It is ma rockets separated by structural stiffeners. The 

assembly contains three Individual, rectangdar ( - ) 7 , 3 ^ and the ex | t 

rocket ./both water codec 1 and ^ 2000 psi (14 
area ratio Is nominally 12.4. The maximum ano k w j<je 4 76 ln 

s ca " ™ prMen,lv be ,n,,a “' 

Therefore, a 20% silane (SIH 4 ) solution Is used for backlighting the roc . 
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Sip RAM JET PMC I 

The scramjet due, con^o- Oeae «-*• 

I^M»OTWy^Bre the rocket la fastened vertlcaHy be^een two n'cke^ p ^ te5 ^ EAhe 

are eight 1/8 In. (3.2 mm) diameter so ,mch el ^ n ' “ cm), leaving a gap 

«£££ K - z sssrrsa 

;“gmo?S2«mbi Its 24.6 in (63.0 cm) an* the average vrall thickness is approximately 1.9 
in. (4.8 cm). 



Figure - 

„f 0 k-,ini 0 Q C «tA«l It exoands on all four sides by approximately two 
Tha divergent KM ■ made of a " a a teal t expands. ^ ^ Q , \ , 3 cm) . Th , t0 p 

degrees per side. Its length is 31.4 in. (79. y cm) aooroximatelv 20 degrees. The axial 

surface of the pre-existing expansion ***°** i °P p d of the P e xpanslon section is a constant area 

Kiel the area distribution of th, duct and tha corresponding axial length. 
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Duct-ifM distribution 



Figure 3 - Area distribution of duct. 


INSTRUMENTATIO N 

The facility heater, fuel injector, and 

calculate the mass flow rates of the supplied g ■ r (ap6 are | oc ated on the scramjet duct 

SH is dabbed In detail below, . was designed 

for this experiment. 

THRUST MEASURE MENT 

Interpre^g^e^pres^a'In^graMr^^^cJ^^resB^i^^ps^an 

measurement system was developed for th P sect i on an d the scramjet combustor section as 

joint, o-ring seal are located between the fac l '^ n ° , |( t d t0 3000 | b | s located between the 

shown in Figure 4. A tension/ oppression the facility nozzle are 
plates. The plates provide a metric break : so the ne «> ^ fixed to the acramJe t combustor 

independent of the facility. Since the L t ui e carriaaes were designed to suspend the 

sac, ion. .hair contribution is bearings allow the 

hartWare to'mwe axla%. 3 This arran^nent also provided alcana to align lb, Indlvidua, placas and 
simplified hardware assembly and disassembly. 
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Figure 4. - Illustration of metric break for thrust measurement. 


EXPERIMENTAL METHOD 


Ej&ll ITY OPERATING CONDITION 

The facility operating conditions chosen cenespond to 


M. 

T t 

oD 

Pi 

atm 

Pr 

psia 

mdt 

Ibm/s 

A * 

in 

1 o 

Pi 

Ibf 

u 2 

ft/8 

m 2 

~2 r- j 

In 1 

mdt 02 

Ibm/s 

4.0 

0.5 

r> 

1600 

3400 

0.500 

0.500 

“ 132 H 
115 

9.62 
, 5.44 

5.67 

5.67 

743 

1880 

1132 

996 

3400 

5200 

2.51 

2.41 

15.8 

15.8 

2.3" 
[ 1.39 


Table 1 . - Heater operating conditions 


qnr.KFT OPERATING C^ jgillQNS 

this experiment will vary from 0 to 8. O/F-8 being stolch,ometr,c. 
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The amount of rookat fi'm-codfns ^Xlns'the 

^sErssjrsrrt 

The rocket operating pressure Is limited y fji'm-cooling cirouitB. film-cooling flow rates greeter than 
the hydrogen supply pressure. Due “ £ e ‘™! station Is heet flux. As the rocket 0/F ratio and 

rh°ZCmIs n K°riVBt U ^s™7 k3-s). This value Is in agreement with the previous Aerojet 
tssts 

Rocket conditions based ° n ® Son'oMO* Unfortunately. 

«** — ■ - — 

even duoi hv Aeroiet were unobtainable. 



HUB 

T t 

°R 

mdt 

Ibm/s 

B 

Pa 

atm 

Ta 

°R 





mdt H 2 

Ibm/s 

mdtfl m 

Ibm/s 

a n7^ 



3620 1 

5420 

6110 

0.328 

0.350 

0.382 

ebb 

0.140 

0.197 

0.251 


■ 

132 

13.3 

12.6 



0.082 

0.035 

0.013 

U.U t o 

0.047 

0.036 




/^nnratir’in AOnditlOnS 3t Pi 


-OAn nnin 


Rocket op»rtt 1 ng ring© 
40 V. film cooling 



Figure 5. - Rocket operating range with 40% film cooling. 


lf j,IFCTQR OPERATING CQNglTIQNS 


V h V M - 

maximum 8 hydmge^ftoi^rat^ttwoug^ ^I'bmra^^Thle^^rate^mespwds to fuel 

equivalence ratios of 0.6 at Mach 1600 -R and 0.9 at 3A00 R 

results 

, witifltpd heater oooratlng and th© RBCC hardwar© 

installed^hlhe faclIlty.^M'any thMa^ky^as^rtJnnlng'^The 

Sff S Slow' 'iTobSd ?n^mr'da 9 u . 0 , mns the. were designated as "good" based on 
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mole fraction of oxygen from the heater and relative closeness to the desired heater total temperatures 
and pressures. 

To minimize the thermo^^in^t^ ^hff haKtwsre^ 

with the rocket still firing, the hy [°9* n . v ^®. . And finally the fuel inlectors were turned off and 

propellants were shut off, iSSlme t d ^ «» mn was averaged with the 

™r« rr r, “ these thrust values 

^Tot bumpered to conventional rocket thrust data without some type of correction. 


RAMJET SIMULATION 

Table 3 below lists the run conditions and measured thrust and l ap for the ramjet simulation at a 
Table 3 below ' Sl ® ™ oR Th table j divided into three categories, rocket only, rocket + 

heater total tempera u , gg trough 106, the rocket was only supplied with hydrogen, 

injector and injector on gjmulatlon p | 0 ts that follow were generated from this table of data. Phi 

no oxyge (0 ). J Th ... f ft i eau j V alence ratio Is calculated based on the the sum of 

end ,h. injected hydrogen. 


Rocket only 1600 °R 
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Rocket + Injector 1600 °R 



Injector only 1600 °R 



Table 3. - Data for ramjet simulation (1600 °R). 


Looking first points a^Ia^to^oHowa^tren^'^^re^ower ^ 00 / 0 / 0/F 

rocket only and rocke + Injector tests^ The PP sSure Thjs is som ewhat expected since less 

values provide higher l, p tnd9 P® nde 0 k 1 ^ 0t , 8 n P ot expected Is that the l, P Is not effected by the 
oxygen i$ being used at the lower O/r ra 1 ■ . ... „ r --u rt that the I would Increase with the 

Sono, m - « •*** 

.hfrocketS In option. .ho fuel does no. born e«iclen«y. 
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Specific Impulee v» rocket OIF 
1600 R 
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Figure 6. - U P versus O/F (1600 °R). 

that of the H 2 Injectors. Considering that e y 9 „ r sonic Injector" rockets are less efficient 

* - **. — * — 

Hni. nnro nnflin the added fuel injectors do not help the situation. 


8 pacific Impulia va •qulvaler 
1600 R 
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Figure 7. - 

All ft. I- oan be compared on a *£ plot ^i^rrUTr^St 

Figure 8. The slope of a line passing through ' * 0 0 9 ^ g 0 f stra | ght ( | n0 with a larger slope, 

^17 The Se^nTe n H^O, racket data I. mostly due to the various rocket O/F .aloes tested. 
Typically, lower rocket O/F yields higher l, P as Illustrated in Figure 6. 
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Measured thrust v«. pro psll.nt mass flow rat® 
1«00 R 
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Figure 8. - 

Previously. Figure 6 suggested the.. the rocket IKVJS 

injectors from burning. In fact, a dose examinaho ter , h _ n ,p 6 thrust produced with rocket + 

produced by the Injectors alone in these runs, s ^ I ^ injectors Is being entrained 

injectors, at the same Injector tow ^ |^ ix ^Ith the air and burn. Under 

«« 8lde - wa " 8 m ° 5 ' * ely h9ve be ”" 3 more effic '"" 

means of injection. 

Run it SO 


rocket 

rkt-Hnj 

inlector 


mdt ini 


mdl rkt Pj rkt O/F rkt PM !llL 


0 

0.121 

0.116 


0.154 

0.150 

0 


127 

126 

0 


4.95 

4.82 

0 


0 

0.420 

0.396 


Run # 84 


rocket 

rkt+in] 

Injector 


mdt inf 


mdt rkt Pt rkt 


0 

0.130 

0.129 


0.238 

0.213 

0 


199 

161 

0 


O/F jki 
4.18 
8.03 
0 


PHI Inj 

0 

0.446 

0.453 


PHI tot 

F ref 

Isp ref 

0.087 

176 

1145 

0.504 

349 

1283 

0.396 

382 

3295 


PHI tot 

ZuL . 

lsp ref 


0.161 

0.495 

0.453 


308 

428 

491 


1248 

3823 


Table 4. - 

P„ure 8 is similar ^ure -^ K 

L U a"^^ 

-r»rS^^^«ufa 8 bu, only includes tea. points w„h 
total fuel equivalence ratios of around 0.53. 

Clearly, for the hydrogen only teats (alrbresther) t the ige^held^reTty^e^constant to 
desirable. These conditions produce greater ^rust and th p If P 1 around 1300 seconds 

!?K SS 

pertotnance -en though the Is considerably tass than 
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i . . . . K that this assumDtion depends heavily on the vehicle drag and weight. In 

Ldditlon n K 0 speclfic impulse of 'the Integrated system could be improved by injecting the additional fuel 
from the side-walls Instead of the strut 


Specific Impulse v* m*»eured ttmiet 
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Figure 9. - 


Specific Impulee v« mexxured i 
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Figure . - 


^CRAMJET SIMULATIO N 


Table 5 lists the run conditions and measured thrust and l, p for the scramjet simulation at a heater 

«- ■— r “ r a , sau 

desirable to reduce the mn Me < JiSSTn^cted hydrogen only burned If the 
Se, mefue, a.d noi no, ,n the «a«e 
Alio none of the hydrogen only rocket tests burned and were therefore also left off the table. 
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Rocket only 3400 °R 



Table 5. - Data for scramjet simulation (3400 °R). 

The ^ rfr °S e ^ s un wiilingne5s tc burr^wse not a “ m P“ 9 ^ 35 ."(SSdv arS pitot “"the 
STn^ode^^ therefore, reduce the heed for competed 

injection schemes. 

~ ..rssssri; 2KSSiSsSS5 

included in the plots that follow. 
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sSSSSSrSa" 

Injector only tests as indicated in Figures 1 1 and 1 2. 


$p+eiflc ImpulM v*. racket 0/F 
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10 


Sptdflc lmpul*» v«, equlvilonc* ratio 
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Figure 11. - 




vpfccirtc npuo.«. 
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Figure 14c - 


tlrnjst 


summary and conclusions 



